Abstract. It is postulated that there is an uncanny valley, whereby human-like stimuli such as robots or animated characters that fall short of being fully human are perceived as eerie or unsettling. Previous research has explored the existence of this effect for faces and whole bodies, while here we explore responses to photographs of real and artificial hands. In keeping with the notion of an uncanny valley, prosthetic hands that were of intermediate human-likeness were given the highest ratings of eeriness. However, within the categories of hands, ratings of eeriness reduced as human-likeness increased, suggesting a more complex pattern. Further investigation of this effect will be of relevance to the design of prosthetic limbs and could be used to test theories of the uncanny valley and social perception with simple stimuli.
More than forty years ago, Mori (1970) hypothesized the existence of an uncanny valley whereby people would find robots that were close to being human more uncomfortable than those that are clearly not human. Mori conceived of the valley as being low in 'shinwakan', which has been translated as familiarity, but it is argued that 'eerie' is a better description of the effect (MacDorman and Ishiguro 2006) . Empirical investigation has revealed a peak of ratings of eeriness as faces become more human-like, and various explanations have been proposed, such as fear of death or the violation of expectations produced by the mismatch between human and nonhuman features (eg Saygin et al 2012) . This effect may therefore indicate how expectations evolve during human social interactions and also has implications for understanding how people will interact with robots and avatars, which are increasingly used in a wide number of settings. However, the research to date has used faces or whole bodies, and here we investigate for the first time an uncanny valley for hand stimuli. This is not only of theoretical interest, but also has implications for the design of prosthetics. Indeed, Mori (1970) predicted that a realistic, artificial limb would unsettle the viewer when it becomes apparent that it is not real. Although this claim is supported anecdotally, to our knowledge it has not been tested empirically. Therefore, we obtained ratings of photographic images of real, prosthetic, and mechanical hands. We predicted that as hands were rated as more human-like there would be a peak in the ratings of eeriness prior to the highest ratings of human-likeness.
Forty-three right-handed participants were recruited (thirty-six female; mean age = 20 years, SD = 2.4 years). The study had local research ethics committee approval, and participants gave written informed consent. Participants rated a series of photographic images of hands (see figure 1) viewed on a 15-inch laptop screen. In each half of the experiment, participants rated the hands for eeriness or human-likeness (in a counterbalanced order) using a 9-point scale from 'not at all' to 'extremely'. Eerie was defined as: 'mysterious, strange, or unexpected as to send a chill up the spine' and human-likeness as 'having human form or attributes'. The next image was presented 2 s after the participant made their rating. Each hand image was horizontally flipped and presented once as a left hand and once as a right hand, in a random order. The average ratings were calculated for each image, as initial analysis showed no difference between left and right hands. Figure 1 shows the mean rating for eeriness against the rating for human-likeness for each hand image. It can be seen that the lowest eeriness ratings (M = 1.94) were given for the real human hands, which also received the highest ratings for human-likeness (M = 8.45). Meanwhile, the mechanical hands received intermediate ratings of eeriness (M = 4.18) coupled with the lowest ratings of human-likeness (M = 1.69). In keeping with the notion of an uncanny valley, the prosthetic hands generally received the highest eeriness ratings (M = 5.20) and were rated as more human-like than the mechanical hands (M = 4.78). It is interesting to note, however, that prosthetic hand 9 received a particularly low eeriness rating (3.86) coupled with a particularly high human-likeness rating (5.56), suggesting that this hand was often mistaken for a real human hand. Overall, there was a significant quadratic relationship between human-likeness and eeriness (r 2 = 0.830, p < 0.0005), which was also significant for thirty-seven out of forty-three participants. Within categories, there was a significant negative correlation between human-likeness and eeriness for both prosthetic (r = -0.759, p = 0.018) and mechanical hands (r = -0.943, p = 0.005) and which approached significance for human hands (r = -0.736, p = 0.059). In other words, more human-like hands were rated as less eerie, as has been observed for whole body movements (Thompson et al 2011) .
Overall, we have demonstrated that prosthetic hands that fall short of being human are rated as being eerie. This is in keeping with an uncanny valley for hand stimuli, although the negative correlations indicate a more complicated relationship. Further work parametrically manipulating attributes (eg colour, texture) will be required to test whether the findings are due to a violation of expectations (Saygin et al 2012) or can be accounted for by less human-like stimuli being perceived as eerie (Thompson et al 2011) , as suggested by the within-category correlations. Importantly, as hands can be presented without the potentially confounding effect of emotional facial expressions, they provide a simpler way to probe the mechanisms of the uncanny valley (cf Thompson et al 2011) . The combination of visual features with temperature and touch would also allow the mismatch between multisensory elements to be investigated. Moreover, a human imitating the movement of a robotic, virtual, or prosthetic hand could indicate a successful interaction (Kahn et al 2007) .
